Crossing Smads.
The transforming growth factor-beta (TGF-beta) superfamily of secreted polypeptide growth factors exerts extensive control over all aspects of development and homeostasis, and components of this pathway are often mutated in cancers and in several hereditary disorders. Apart from TGF-beta, the superfamily also includes the activins and the bone morphogenetic proteins. These factors signal through heteromeric complexes of type II and type I serine-threonine kinase receptors, which activate the downstream Smad signal transduction pathway. Three classes of Smads have been defined: the receptor-regulated Smads (R-Smads), the common-mediator Smads (co-Smads), and the antagonistic or inhibitory Smads (I-Smads). Receptor complexes activate the Smad pathway by interacting and phosphorylating specific R-Smads. Phosphorylation of the R-Smads causes dissociation from the receptor and induces assembly into complexes with Smad4, a co-Smad. This heteromeric complex then translocates into the nucleus, where the Smads function as transcriptional comodulators by recruiting coactivators or corepressors to Smad DNA binding partners. Thus, Smads transmit signals directly from the receptor kinase into the nucleus. Crosstalk between Smads and other signaling pathways occurs both in the cytosol and in the nucleus. In the cytosol, Smad translocation might be inhibited by mitogen-activated protein kinase-dependent phosphorylation, whereas in the nucleus Smads interact with a number of transcription factors that themselves are primary targets of other signaling pathways. Furthermore, Smad-dependent regulation of these targets often requires input from the primary signaling pathway. In these examples, Smad signaling may represent a secondary signal that modifies the output of the primary pathway. Consequently, the transcriptional response to TGF-beta family ligands may be dependent on what other signals are being received by the cell. Crosstalk may thus provide one explanation for the long-standing observation that the biological response to TGF-beta is often dependent on the extracellular environment of the cell.